NEW FLUORESCENT GENETI C FRAGVENTS AND FI SH Field of the Invention The

I nvention relates to novel nuclei acid fragnments, novel transgenic nedaka
and novel transgenic zebrafish. The invention also relates to a nmethod of
generating new ornamental fish fromtransgenic fluorescence fish and the
new or nament al fr.o I RELON Prior Art
Transgeni c techn ogﬁ&@ggﬁrﬁf% r%w+§‘3pﬁﬁgé}gt udy of gene
function. are many ways of introducing a foreign gene into fish,

i ncl udi ngmeqii?(gmﬁ"i']"é'&?‘?‘bn el ectroporation, sperm nedi ated gene transfer,
gene bonbardnent or gene gun, |iposone-nedi ated gene transfer and the
direct inject INA C | B%lﬁ ol .
- 1999. 18, 85- égﬁning'rnéns giﬁlfggq ns%'ﬁahljggletélag@u%eéﬂ%t r%le(}?g]ttr org%‘%daﬁ ai nnent .
For ex arrplaed novel draaggenicczebiadish Xipr meaition ajsf(EKBihtés| oot sRthed o ga:yienaﬁhg oducti on

of a GFP enefused a fish- sp cific ge ronot er |ntofert| | zed
eggs, has Bgﬂnﬂ%%?la%&‘og‘?}glmsg%d RAC F%cr?aﬁsz‘ g‘}@ thgmey omamsptal figh i ne Bi oL
Bi ot ech. , gd998ed therelom.180) . Tanaka et aI produced a transgeni c nedaka

W th. gr een fluorescence in only germcells of hinmedaka (Tanaka, et al, The
22nd Annual Meeting of the Ml ecul ar Biology Society of Japan, Program
Abstract, ,;1999. ransgenl c fish studies nmake use of genes that
are drive Bvl%tbq[}ﬁd“gf’g%’lr and honol ogous sources of regul atory

el enent, and originate from const itutive or tissue-specific expression
genes. Control elenments include genes fromantifreeze protein, nouse

et al | ot hi oneirAnsgemir dremolpgyr Bast bacpmrean sapqrtang-toelt fo, the tedyh ofigsbone H3

P e b L A LR L R

ef fi ci encyniaothjédien, ﬂ&mpﬁraﬁ&p,rspﬁﬁmmdﬁiedt genaIgenker, peht Qbﬂﬁ)ardﬁi&t or
m croinjection i nto nmedaka | acZ repqrter gene driven by the nedaka

eggs of
f3-actin BFWENEipasememed i‘aﬁe‘fq Beng frandsros %#@%@g igigctign PhdNAcigene,
-even in t Bgfl tissue (Xu et al., DNA Cell Biol. 1999. 18,85-95).

Transgenic ' fish has also been generated for entertainment. For example,
transgenic fish expressing green fluorescence by introduction of a GFP gene fused
with a fish-specific gene promoter into fertilized eggs, has been generated using
medaka (Hamada, K. et al., Mol. Marine Biol. Biotech., 1998. 7, 173-180). Tanaka et
al produced a transgenic medaka with green fluorescence in only germ cells of
himedaka (Tanaka, et al, The 22nd Annual Meeting of the Molecular Biology Society
of Japan, Program, Abstract, 1999. pp: 458).

Transgenic fish studies make use of genes that are driven by both heterologous
and homologous sources of regulatory element, and originate from constitutive or
tissue-specific expression genes. Control elements include genes from antifreeze
protein, mouse metallothionein, chicken d-crystalline, carp S-actin, salmon histone H3
and carp a-globin and so on. However, there are important drawbacks to the use of
these DNA elements in transgenic fish, including low expression efficiency and the

mosaic expression of transgene patterns.

The microinjection into medaka eggs of lacZ reporter gene driven by the medaka

B-actin promoter results in the transient expression of the lzcZ gene, even in the Fl



| generation, though expression is |ow and highly nosaic. Hamada et al.
reported a simlar result in nedaka enbryos derived from eggs
mcroinjected with green fluorescence protein fused with the nedaka
f3-actin pronoter (Hanada et al., cited supra). Unfortunately,

conventional tr.ansgenic technol.ogi es n _aqnl roquce transgenic ,fish
ot £ g resRe o D A SO 8 I cnd Ty ol dimada o pE0Rted Anegeni o
fish coulsgni YestR mefRdaRASMbIRE ddriiRl ef6MNtedl aliGdRfREM Wt lotdht source
at a specific wavelength. Due to the inpracticality and various

di f fi cul t ifluprescensgeproticliofused sith th gpedakp Soictin premeten (lamedd e eloetitedd by
consurrers-sgg%hdAi d not achieve commercial success. Chi-Yuan Chou et al.

di scl osed "a construct flanked at both ends by inverted term nal
repeats (I TRs) to increase the efficient expression of transgenic genes in
medaka. A uniformtransgene expression was achjieved in the FO and t he

fol I owi ng t woUBBn@natelverrnvergnal tsanseenis techpolgpies cany aply gegduee faasesRich 2001.
10: 303- e ANgaRA r . been
descri bed%sﬁn%?lﬁl(ﬁn?}g%%&c%nﬁlét I on géfcgré%hgﬁgtﬂﬁlhg&%t g‘raptﬁfraegﬁgge | cggﬁ'gh W th
ot her f| uaoekicerly bepeat ander gbe fvoresieahmisroscage fwtitholigls sentce pit at iecifici s

different and, capngt he easily .deduced fromgthe nriqgr ari because,of the
di 1 or ent ETFIEEG: Dweds R paRrheticaliyoand varios ditfigulies, dissf dlaorsrent Jhe

i nheri t anGReQBCwHRGSE #all RickRed 8§ col\BnicFAIRNIRNhGt dRRDOLSHRerdidl ShcdetEedi ng
has the objective to produce inproved fish varieties based on the

exploitation of genetic variation. Using transgenic technique to generate

new ornanental. {ish that exhibits dif ent fluorescent col.ors.o
henotyp ¢ paCtisr Y SR a5yAp lelofedia, DRA pnst (BREE ot POUEIASRYe, | abor
i ntensive iﬂf&tcﬂ!t@ﬂniﬁﬁhﬁg&t‘s {OFRs)hE igeegdcyde &ﬁci@nﬂoe»gﬂ@gaibnf o8 frahspehide result
of the conbination of the genotypes of the male and fenal e whi ch

anet e,
t hr ough f WEEReHily Bsiakacd ppifgmy ranseene expession whs achievedendhy F%h@dpﬁh@geny
fish devel T ' |.S r t netg | ngh.bet ween
t ransgeni C@?‘gﬁgwﬁ@héﬁégﬁ%&f ¢%§Y§A§1rr§8§? eglg]l'f 2?%"5?5%%5&&35%\%6 ﬁi' g?'f ferent
phenot ypes308+31isehAlth@rghpatitasgehic greeh fMsorédceicenniebakl hisebedit degeeibed)at t er ns,

method and condition of generating other transgenic fish with other fluorescent

protein genes (such as red fluorescent protein) is different and cannot be easily
deduced from the prior art because of the different strategies of genetic construction,

gene expression, gene inheritance and uncertainties of the transgenic technique.

Fish breeding has the objective to produce improved fish varieties based on the
exploitation of genetic variation. Using transgenic technique to generate new
- ornamental fish that exhibits different fluorescent colors or phenotypic patterns one

by one; however, it is apparently expensive, labor intensive and time exhausting.

The genotype of a progeny fish is the result of the combination of the genotypes
of the male and female gamete, which through fusion resulted in a zygote, from which
ultimately the progeny fish developed. The inventor has discovered that genetic
breeding between transgenic fish with fish of the same or different species with
different phenotypes or behavior patterns, such as fish with different spot patterns,
stripe colors, or even susceptibility to the environmental changes, could provide a

much greater choices of ornamental fish that could never been achieved before the



stripe colors, or even susceptibility to the environnental changes, could
provide a nuch greater choices of ornanmental fish that could never been
achi eved before the 2 arrival of transgenic fish and these fish can be
generated in a much faster and cheaper way t han perforning transgenic

t echni ques n of th nvent ect of the
i nvention ap?@afgf%axgg%gggé% &Tﬁ'[eswaélytﬁrﬁe&ﬁrg ed%aégchgf??t w5 e
suppl y of Wayuhiese fnamg traBpmi¢ Rcklghdsedcl 4NE8QANGEe. Anot her Obl ect of the
invention relates to a nucleic acid fragnment conprising (1) a fl-actin

gene pronoter of nmedaka; (2) a fluorescence gene and (3) inverted term nal
repeats of adeno-associ ated v, the fl uorescence gene is
not fromthe gene coding greslhﬂﬁ lﬁgrgyggﬁg protein. Another object of the
invention relates to a nucleic acid fragnent conprising (1) an a-actin
gene pronot erOms obijedtiofthiesinivertidh i tiRaBedrhbingR DICAcechgRnes Rsttabigh Anvert ed

- termnal repeats of adeno-assqciated virus. Another object of the invention
rel ates t &tagleiypplyiof tiyercgeanea ek with é@ﬁﬂfﬁdltsﬁnﬁ@ne&) an a-actin gene pronoter
of golden zebrafish; (2) a red fluorescence gene and (3) inverted term nal
repeats of adeno- associ ated virus. Another object of the invention relates
t o t he net hodAmdthgabgrchof thg imvantirmekelatammad(mcﬂdsiahcid&mmehhmﬁﬂnm‘@(ﬂ¢ent

t ransgene d ex ress fl uor i n. Anot her the_ i ventl on
rel ates t 6%] ABEPTYY erg‘&ﬁ‘@f"ﬁ’?‘?n@ Fen"?@ﬁﬁ“’a?’i‘ﬁwt"h"%e@
f1 uor esceninehfs YFHAERLINGatSX RIES réd it GSCER HuBFRLRkd gentSis n%f‘%n‘ﬁ%e Obl ect

of the present invention relates to the nethod of gen&rating new

or nanent algeid eddinggrapr fledresgestmpeinf (a) generating a transgenic fish
containing one or nore fused fluoresceni gene; (b) breeding the transgenic
fish with fish with different phenotype or pattern; and (c) screening for

new t [ ans geni&ndih&%jﬂcﬁﬁf the i@Wnfien sdlAtELloehudiie Bat YRenRht SdprRidy fiyom t hei r
arents.
P an g-actin gene promoter of zebrafish; (2) a green fluorescence gene and (3) inverted

terminal repeats of adeno-associated virus.

Another object of the invention relates to a nucleic acid fragment comprising (1)
an g-actin gene promoter of golden zebrafish; (2) a red fluorescence gene and (3)

inverted terminal repeats of adeno-associated virus.

Another object of the invention relates to the method of generating a novel

medaka that carry the fluorescent transgene and express fluorescent protein.

Another object of the invention relates to the method of generating a novel

zebrafish that carry the fluorescent transgene and express fluorescent protein.

Yet another object of the present invention relates to the method of generating
new ornamental fish, comprising steps of (a) generating a transgenic fish containing
one or more fused fluorescent gene; (b) breeding the transgenic fish with fish with
different phenotype or pattern; and (c) screening for new transgenic progenies

showing different phenotype or pattern from their parents.



Yet anot her object of the present invention relates to the new transgenic
fish generated fromthe nmethod of the present invention. Brief Description
of the Drawing Figure 1 illustrates the plasm d constfuct (a) pB-EGP; (b)
pB-EGFP-1 TR. Figure 2 illustrates the construction of plasmd

pf 3- DsRed2- 1-J, IR f ,om pOBA- . 109 and pDsRed2- 1-[ T .gf_gi ure 3 illu ates the
Ol asm - const Faicrol? sBedlaf e plre TR Seiales do i e rangeenit Tshg
restricti Qenérhfe@ FronfHheuidthdt SAYBrebaR ileafith.Ng between red TK-1 with
Oryzias curvinotus, green TK-1 with Oryzias curvinotus, red TK-2 with

Brachydani o sp, red TK-2 with Brachydanio frankei , and red TK-2 with
Brachydanio rerio. Figure 5 shows the picture of (a) red TK-1, (b) Oyzias
curvinotus and (c) red TK-Bri¢f Resgription ofithe Potwing Fi gure 6 shows the
picture of (a) green TK-1, (b) Oyzias curvinotus and (c) green TK-1 X
Oryzias curvinotus. Figure 7 shows the picture of (a) red TK-2, (b)
Brachydani o sp and (c) red TK-2 _XBrachydani o sp. Figure 8 shows the
picture of (aligwed Higsivatesths papmidsansiing (4)rI&nE@EP%ﬂ?bPQ“@)GﬁPeH R.TK-2 X
Brachydani.-o frankei. Figure 9 shows the picture of (a) red TK-2, (b)
Brachydanio rerio and (c) Purple Zebra Fish. 4 Detailed Description of the
I nventi on Cerléghtedd)ithntratpStHaséeedZuctionTd? plasntid @y5cldsRedd ISR/ fotrap©B Aof

t ransgeni |l uprescent . fish in the prior art, the present invention is of
t hor ough jlqé %@P@Fﬁ?‘iﬁd%‘ﬁ%n wi th conceptual breakthrough. The present
invention provides a plasm d construct, pl3-DsRed2-1-1TR, generated by

introducing the fl-actin gene pronoter of medaka into expression vector
pDsRed2- 1- Figure 3 illustrates the plasmid construct, p-aDsRedITR, with the inserted gene

fragment and restriction sites.

Figure 4 shows the breeding between red TK-1 with Oryzias curvinotus, green
TK-1 with Oryzias curvinotus, red TK-2 with Brachydanio sp, red TK-2 with
Brachydanio frankei , and red TK-2 with Brachydanio rerio.

Figure 5 shows the picture of (a) red TK-1, (b) Oryzias curvinotus and (c¢) red
TK-1 X Oryzias curvinotus.

Figure 6 shows the picture of (2) green TK-1, (b) Oryzias curvinotus and (c)
green TK-1 X Oryzias curvinotus.

Figure 7 shows the picture of (a) red TK-2, (b) Brachydanio sp and (c) red TK-2
X Brachydanio sp.

Figure 8 shows the picture of (a) red TK-2, (b) Brachydanio frankei and (c) red
TK-2 X Brachydanio frankei.

Figure 9 shows the picture of (2) red TK-2, (b) Brachydanio rerio and (c) Purple
Zebra Fish.



| TR The present invention provides a gene fragnment conprising (1) a
f3-actin gene pronoter of nedaka; (2) a fluorescence gene and (3) inverted
termnal repeats (I TR) of adeno-associated virus; provided that the
fluorescence gene is not fromthe gene coding green fluorescent protein.
The preferred fragment of _t Lavention is.pl3-DsRed2-1-1TR Notl (8. 7kb)
kb) ?8. 7kb) Notl I ITRIT efaigd Digseny “‘B%%‘ﬁ'ﬁ'ﬁi!“%ﬁl?“asRedz- | svly pl1C A
The present invention also provides a plasmd conprising the gene fragnent

of the | Ry&RifHine ghégz_g_?gﬁr ating new transgeni c Medaka The present
i nvention al so provides a nethod of generating new transgenic Medaka. The

appropri at e ahmowtrcahe tdisadsaitagep lod dransgenpf JudreRed {igh iiTRe prior art,¢hei nj ect ed
into the cytopl.asm.of .f i1ized nmedaka priqr .to e fir -

cl eavage. P%?%@én%eé]agn & @@%’P&é‘h@aﬁﬁggfﬁ%ﬁ&%‘r‘ﬁgﬁ@c@ﬁwi’é@ﬁ‘ﬁﬁ"‘fﬂhu ﬁ’% scence

t hr oughoutprestiteinvesyt gi’éﬁde%kﬂ;ﬂisiﬁid NeomSirgot, PRAKRARA2 MR, fdeOraRACHNT

transgene _are then used for future breeding. 5 The nethod of the 1nvention
provi des fntgaslucingrthe Srashn gerspiometered medakoddo cxpression veptan\pdisRed?-d-

ITR.

The present invention provides a gene fragment comprising (1) a S-actin gene
promoter of medaka; (2) a fluorescence gene and (3) inverted terminal repeats (ITR)
of adeno-associated virus; provided that the fluorescence gene is not from the gene

coding green fluorescent protein.

The preferred fragment of the invention is

pB-DsRed2-1-ITR
Notl (8.7kb) kb) (8.7kb) Noti
ITR iR

B -actin promoter ?SR*‘-"Z'

i
Luc SVA40 p/oly pbc
A

The present invention also provides a plasmid comprising the gene fragment of

the invention.

Method of generating new transgenic Medaka

The present invention also provides a method of generating new transgenic
Medaka. The appropriate amount of the said plasmid, pf-DsRed2-1-ITR, is
microinjected into the cytoplasm of fertilized eggs of medaka prior to the first
cleavage. These eggs are screened to find progeny expressing fluorescence throughout
their systemic skeletal muscle. Progeny with fluorescent fransgene are then used for

future breeding.



1. The nucleic acid fragment of the invention, such as pDsRed2-1-ITR, is
made from comercially avail able vector. 2. The nucleic acid fragnent of
the invention enables the nedaka to emt fluorescence throughout its
system c skeletal mnmuscle. 3. The nmethod of the invention, which conprises
m croi nj ecti t n Ento fertilized eags. ensures the
transgenic ne gklgg%%&?) 2%?3@‘?%@%3%@@% h‘l’% gmg§°§ ent OS’ %gg}e&mﬁﬁ%&él e at a
hi gher rat tqwarently Avdilbleer quality. 4. The heterol ogous transgenic fish
stably passes_the transgene to the next, generation. Thus natural breeding
coul d” be ubedPeaurisiccld ragment of the deecation, Spehhey pRSReA2-And R: éymade Fem

br eedi ng COStcomn‘férciQi?faJathﬂE%&g{]ce of the transgenic nedaka, which is
emtted at its systemc skeletal nuscle, can-be easily seen by naked eyes.
The f1 uor e2cdhbeenndeif uadithefragmentt eofithe edvemidar ehabigst theo miadekoftosbmitt er

. wavel engt h, ;%{ovi di n her entertainment value to ornanental fish.
G ven above,

"
“ﬂ’éesfﬁngggﬁ?ul Pt SYStms Sl uscleet hod of produci ng

transgeni c3, npdalethe@Gl el Pientich) WhieK Qofipsiss RicrbiifecliRP! ML  ttAkSergount of
t he above plasmd of the present "invention into fertilized eggs of nedaka;

(b) sel ect i ngonshmckiginsieniflized e casieesrthe transgedic msidake ergits fleorssienet #d eggs

to mature; Si the ture .fish wt il d-type fish; and e

sel ecting tﬁg%sﬁ%%éwﬁﬂ%egaﬂmggcg? gtrﬁely ffrﬁ?)tf‘oe@kché\r%%‘?rq @y‘pr eferred fl Ejoa escent
gene used 4.n ThBehéereiopdudT trandgeni VIadht is@Blyi ?)aﬁsgﬁi the | #HsgERend BeNBedtr om
pDsRed2-1 (O ontech, USA). In the nmethod of producing transgeni c nedaka of
t he invent i ogener#fiony pHrs ppatemb bregdmgneowld beomed foaratntag the emiganiconst r uct
i njected int . i LJ -] ufficient to introduce transgene

[ th 0 germ Ce%{»@&&ﬁ:ﬁ%@&%ﬂg@%@é@ (r:oes?i'armunt of linearized pl asm’gd
construct $5.njThetfhebresctmcet e tHeetrhndgemie dnedyys, which- ikOemitied TheitsTOFstemic

skeletal muscle, can be easily seen by naked eyes. The fluorescence is further

intensified under light source of shorter wavelength, providing a higher

entertainment value to ornamental fish.

Given above, the present invention provides a method of producing transgenic
medaka comprising:
(a) microinjecting the appropriate amount of the above plasmid of the present
invention into fertilized eggs of medaka;
(b) selecting the eggs with fluorescence;
(c) hatching the selected eggs to mature;
(d) crossing the mature fish with wild-type fish; and

{e) selecting the progeny with systemic fluorescence.

The preferred fluorescent gene used in the method of the invention is red

fluorescent gene from pDsRed2-1 (Clontech, USA).

In the method of producing transgenic medaka of the invention, the appropriate
-amount of Nofl-linearized plasmid construct injected into the fertilized eggs is
sufficient to introduce transgene into germ cell of medaka. The preferred amount of

linearized plasmid construct injected into the fertilized eggs is 1-10 nl. The most



6 preferred amount of linearized plasm d construct injected into the
fertilized eggs is 2- 3 nl. Red fluorescence transgenic fish The present

i nvention al so provides transgenic fish generated fromthe expression
vector pl3-DsRed2-1-1TR More particularly the present invention provides
the red flugrescence aka."red TK-1". Altho .th t hod. of generating
1 vor esce e IRBHLRROw S} HoRizg BRaspid quist it aetrd i Buteriioed PeesdSd chou o
al., citeggupra, it cannot be easily deduced from the said reference to
generate other transgeni c Medaka expressing other fluorescent gene. for
reasons di scussed bel ow. Regardi ng vector construction, the vector

conpri si nghe%%‘lf cocéi NI sequence. was constructed by cleaving out B-actin
pronoter from p&%fﬁ astmg restriction enzyne Sall and Ncol. The
retrieved 4 kbhdhedentidfivditionaalss | govRds t anshenid . fishk penérate@madm ahe pEGFPI TR
vector digested with the sanme enzynes. The vector of the present

i nvent i on SXpIssEAn ¥estesrnicRsR ed2d -EidkiMerepatfirulkely the preseng ipventiensprovides on sit es
and is nor efydfffdilof;&l&x g%b%gg}trwfk_l,ﬁ rst, the 13-actin pronoter was cut
i pOBA: y

out from plasm usi ng EcoRl and Ncol. The overhanging 5 ends
of the digested fragnents were filled in and the 4 kb fragnents were

col l ected. Pl 1 d, pDsRed] TR .was digested with restricti.on ne Sall and
Bant and t heABRoEhAF aftkodaf genfaﬂ-w%oﬁ%wta&@e. TROGSiIng §&st ed
fragment wasy 8Rblb&&! iR EhiAtuahteho8 M al I d}Rd 33praGk bihnoPbOBRNIG BeddRETRM Vas
ligated to the 4.7 kb fragnment. Regarding mcroinjection of fertilized

eggs, t he thapdid irefesenoe bl penerase dthen tigasgeniatMedalm eeaprefsing pthsr 8nores¢enh had t he
di anet er %f 4;5 %ﬁ% a{ag tklﬁbig{ner wal | of syringe was siliconized. 20-30
pl of DI\RO@’.‘L% Oﬁé 5‘3 Q55 jg Yed under 100 X magni fi cati on. The survival
rate of eggs after the injection was 85% 90% The capillary needl e used in

the present invention has the dianeter of 1.6-2.5 m_the snallest dianeter
that DNA sol Resasling gestonsonsmugien tthe vaeled cermpasias tHEFR apding wequenes t he

syringe WiWasr&%hstructfad by cleaving out B-actin promoter from pOBA-109 using restriction
enzyme Sall and Ncol. The retrieved 4 kb DNA fragment was ligated to the 4.7 kb
fragment of pEGFPITR vector digested with the same enzymes. The vector of the

present invention, which comprises RFP coding sequence, has fewer restriction sites
rand is more difficult to construct. First, the B-actin promoter was cut out from plasmid
pOBA-109 by using EcoRl and Ncol. The overhanging 5° ends of the digested
fragments were filled in and the 4 kb fragments were collected. Plasmid pDsRedITR
was digested with restriction enzyme Sall and BamHI and the 5° terminals were
dephosphorylated. The 4.7 kb digested fragment was collected. At the end, the B-actin
promoter fragment was ligated to the 4.7 kb fragment.

Regarding microinjection of fertilized eggs, the capillary needle used to generate
green fluorescent fish had the diameter of 4-5 pm, and the inner wall of syringe was
siliconized. 20-30 pl of DNA (10 ng/ml) was injected under 100 X magnification. The
survival rate of eggs after the injection was 85%-90%. The capillary needle used in
the present invention has the diameter of 1.6-2.5 pm, the smallest diameter that DNA
solution does not stuck the needle, and the inner wall of the syringe was not
siliconized. 20-30 pl of DNA solution was injected. The survival rate after the

injection was 90-95%, 5% higher than the survival rate of green fluorescent fish.



siliconized. 20-30 pl of DNA solution was injected. The survival rate after
the injection was 90-95% 5% higher than the survival rate of green
fluorescent fish. Because RFP expresses nore stably than GFP, the GFP in
transgeni c medaka |ooks yellow green and orange-green. The RFP expressed

e have o BREYSS BRSPSt AR 5 OB il iR 1"
“heter ozygqbﬁ& yeﬁh%—%‘béﬂc mraﬂgeogrea{ GO IRIP Efesbid il tRmSLdmic ﬁ@dﬁc&ado%@ npar ed

to green fluorescen medaka 1s shown in Table | below. Table 1. The
conpar i somobshdy eeldr ﬁ@llfgmeh lsmos;lblﬂhatr%l’ e toxipy|tokdhe embewdpinge all63 1 2 1
65 1 0 Non: fI uorescen ion 8 Nunmbers of 143102250 HeterozygosMy/
br eedi ng sessryOSS e‘?’greo % %6 Honozygosity/ breeding session Total

| ength/ fish (mm 36 36 36 28 body weight/fish (ng) 600 590 580 260 Three-

1 Total Iength (mm. 28 30 29 22 mpnth ol d prqogeny fish body weight (ng) 280
320 290 190 ulty of breeding red fluorescent Medaka coinpared to green ﬂuorescent

medaka is shown in Table 1 below.

Table 1. The comparison of breeding green TK-1 and red TK-1.

Green TK-1 Red TK-1
Genotvoe Dominant Dominant |
typ Heterozyg homozygo Heterozyg homozygo
ous sous _ T
us us
Lal'g:;ls_cale Broodstock size (mm) {- 30 30 30 28
reeding .
condition Numbers of male fish 90 20 90 90
Numbers of female fish %0 90 90 90
Total eggs/breeding 500 500 500 60
session _

Defected egg numbers/

breeding session % 100 85 42

Hatched progeny ”
numbers/ breeding 385 380 390 16
session

Progeny numbers after

a month/ breeding
session

Non-ﬂuorescent Japan
Medaka/ breeding 63 2 65 0
session




adult fish Table 1 conpares the breeding condition of green TK-1 (disclosed

in Chi-Yuan Chou et al., cited supra) and red TK-2 of the present

i nvention. As shown in Table 1, the total eggs, the average egg nunbers
per fish, percentage of defected eggs, percentage of hatched progeni es,
survival yate of p Uge... es—huber—ef fi-sh-grown-tg—30-mm —egg-nunbers per
fish, avefage egg Hum ‘?5%%1 lejgth of gdult figh and dverage body

wei ght of |adult fik g‘etqf%gP%B’/TK-l A8 si[gni 1@ cart | y¥25owdr t Wan tjhat of
green TK-1. These atb‘recmgwsred that breeding red |TK-1 is isignificdantly
nmore - diflicult than brMedbargofyr eenn TK-1 and t hus tlthe net hg

i dentical [to the net h@#lbmahygedigsed (i n Bhi - Yuarzé8hoy et 28l ,

Gene fragient p-aDsRebileddind B&sidhesgnt i nvention prdvides a

construct| p-aDsRe&

of gol den}fzebrafi S§

I nvention ' :

of zebr af tsh: BET :

(ITR) of | adeno- aspbutdldergihAfishimm)The P esdnt 3hvernti odd al qo p28)V| des a

pl asm d construct, . arat y 1At roguci e ctiin gene
pronot er pf gtol den E‘é r‘ﬁ?‘ﬁéﬁ#’r{?‘@? r@gmg \rc’gbtor Red?2 @T and
swappi ng t Hep P h@&aes wbight/tohﬂeEgRed %ﬂ ectgi Dsggg -1 TR
Accor di ng| ybreediBg pf ef er naghteragnment| of he |nv tid p- dDsRed! TR (8. Okb)
Not [ a- act icengitiono

Three- Total length (mm) 28 30 29 22
month old
progeny fish| body weight (mg) 280 320 290 190
Maximum
adult fish

Table 1 compares the breeding condition of green TK-1 (disclosed in Chi-Yuan

Chou et al., cited supra) and red TK-2 of the present invention. As shown in Table 1,

" the total eggs, the average egg numbers per fish, percentage of defected eggs,

percentage of hatched progenies, survival rate of progenies, number of fish grown to

30 mm, €gg numbers per fish, average egg weight, total length of adult fish and

average body weight of adult fish of the red TK-1 are significantly lower than that of

‘green TK-1. These data indicated that breeding red TK-1 is significantly more

difficult than breeding green TK-1 and thus the method are not identical to the method

disclosed in Chi-Yuan Chou et al, cited supra.

Gene fragment p-aDsRedITR
The present invention provides a plasmid construct, p-aDsRedITR, generated by

introducing the ag-actin gene promoter of golden zebrafish into expression vector

pDsRed2-1-ITR.



uc SV40 poly p A p-aEGFPITR (8. 1kb) a-actin pronoter Notl ITR EGFP SV40
poly p C A The present invention also provides a plasmd conprising the
gene fragment of the invention. The red fluorescent gene of the present
i nvention can be purchased fromBD Bioscience Contech. In the enbodi nent.

of the inventjon, Red2-.1 is used as the source .of the red fluorescent
gene. pDsRed2? BW@%Z&V%E%M“@E%% g%%‘?%fﬁt""“’@ﬁ@‘?‘ﬁéé B3GR §REt er

mat urati o gbré}ﬂéltef OFPRDrdIRA; @) 8 FublGc AR TBRRAADOB) ivertBR R lpeiSLITRG Ul t Ur €S
when DsRed2 i s expressed constitutively, red-emtting cells can be

det ect ed 9 adéngeasesiatebeires. cr oscopy within 24 hours of transfection. 10
Met hod of generating new transgeni c zebrafish The present invention al so
provi des a method of producing transgenic zebrafish conprising: (a)

M croi nj ect i NMphd feseapiivenionale REVIdes a plastltEconbPv, PhBSFPITR gehditedr esent
invention_ into fertilized eggs of zebrafish; (b) selecting the eggs with

f 1 uor esce®ydntrodueing the chactiy geme Psaneler efi seldgr zelyaheh infeexpressionrvssiorng t he

mature fi ?Jh?)sﬂeaillwrkdéﬁdy R?aﬂpiilﬂqﬂxea@éFP gene with the DsRed gene of the vector
- pDsRed2-1-ITR.

Accordingly, the preferred fragment of the invention is

S p-aDsRedITR (8.0kb)

Nott Noti
R 1R
a-actin promoter |DsRed
LUC SV40 poly plic
-Or : A _

p-2EGFPITR (8.1kb)

Notl
ITR

- a-actin promoter

uc SV40 poly pUC
A

The present invention also provides a plaiémid comprising the gene fragment of

the invention.

The red fluorescent gene of the present invention can be purchased from BD
Bioscience Clontech. In the embodiment of the invention, pDsRed2-1 is used as the
source of the red fluorescent gene. pDsRed2-1 encodes DsRed2, a DsRed variant
engineered for faster maturation and lower non-specific aggregation. In mammalian
cell cultures when DsRed2 is expressed constitutivety, red-emitting cells can be |

-detected by fluorescence microscopy within 24 hours of transfection.

10



(e) selecting the progeny with systemi c fluorescence. The preferred
fluorescent gene used in the method of the invention is red fluorescent
gene from pDsRed2-1. The preferred zebrafish is Gol den Zebra Dani o
(hereinafter called as golden zebrafish). In the nethod of producing

t ransgeni zebr ish of the.invention, the appropriate anmount of
hbtl-line&?%@ga EF %Bﬁggpﬁﬁgmpﬁfg%?bﬂlrnto the fertilized eggs is
suf fici ent tqﬂd}it&ﬁﬁﬂﬁﬁeﬁﬁcﬁﬁﬁgﬁpﬁw{d&@ 186th8d 6€htodating g ni%:%ﬁ?afﬁlsﬁh The
~preferred anount of l|inearized plasmd construct injected into the
fertilize§o®gysings 1- 10 nl. The nost preferred amount of Irnearrzed

plasm d CO”St(%f%&om &:?Ihgchl% Qﬁrﬁoﬁxl? Se aliohhd bf A2 b%ggyasr%u? of thr(l, res ‘fl

fl uorescence ansge redent 1 Rvention: &80 provi ransgeni c
fish generated immlémtomﬁrzed%ggﬁbﬂzebﬁaﬁsh, p- aDsRedl TR. More partr cularly
t he present |(ng§t| onéﬁ%ovr de red fluorescence gol den zebrafish "red
TK-2". Green @) &85 MY F‘i?el?‘iesh The present invention also

provi des tra @ the expression vector, p-akEG-PITR
ey Qbﬁﬁéﬂféke%fbﬁ 0 thitBrs

More parti cul ar resent ventr on’provides the green fluorescence
gol den zebr af(d}hrosgngéw Iﬁa(u@"ﬁshmﬂi\mﬂﬂrm@edishgmuier ating new ornanental fish

The present (:;i/ tron rovr d@g with nmet hod for generating an
or narment al ﬁﬁ)“ys‘f’ SYSHIE OKEFCEt i ng a transgenic fish

cont ai ni ng one or rmre fused fluorescent gene; (b) breeding the transgenic
fish with fish with different phenoﬂ%/pe or pattern; and (c) screening the
new t r ansgeniBheprelgand 8yorshesnt grnedis mr@ﬂmeﬂm%ﬂ}mevewpnmleder n fromtheir

parents. ental fish refers to transgenic fish, or
pr ogeny or/ﬁ%l H‘% %ﬁgg{eﬁfﬁ@gp%ﬁgif 'n exogenous construct has been introduced.
A fish into which a construct
The preferred zebrafish is Golden Zebra Danio (hereinafter called as golden
zebrafish).

In the method of producing transgenic golden zebrafish of the invention, the
appropriate amount of Nofl-linearized plasmid construct injected into the fertilized
eggs is sufficient to introduce fransgene into germ cell of golden zebrafish. The -
preferred amount of linearized plasmid construct injected into the fertilized eggs is i-
10 nl. The most preferred amount of linearized plasmid construct injected into the

fertilized eggs is 2-3 nl.

Red fluorescence transgenic fish

The present invention also provides transgenic fish generated from the
expression vector, p-aDsRedITR. More particularly the present invention provides the
red fluorescence golden zebrafish “red TK-2".

Green fluorescence transgenic fish
The present invention also provides transgenic fish generated from the
expression vector, p-aEGFPITR. More particularly the present invention provides the

green fluorescence golden zebrafish “green TK-27.
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has been introduced includes fish that have devel oped from enbryonic cells
into which the construct has been introduced. As used herein, an exogenous
construct is a nucleic acid that is artificially introduced, or was
originally artificially i ntroduced, into a fish. The termartificial

I nt roducti ntended to exclude L@troductlon of a construct through
nor nal [3{(} gﬁ“%?“@%ﬁ%‘?’l“&’“%‘?‘%? Sh That is, the original introduction
of a gene or Tﬁ@pxtesénﬂmeﬁn&ﬂ ReprBYided haita et fR|geRdratik && oBfaaRALAY 1S
intended to be excluded. However, fish produced by trans t hrough nor mal
br eedi ng, fish, compristigetaps of @rssnmfmgf(trmemg fisly comspiningone ormre\ﬁc,s

originally.arti Lal trodu const ruct
o e consi uPEbs B [0 b Y B8 et A Rty B0 B Ehnd B o geny o

~fish into pahemhaﬁm@:) syeaEn e npiaisgHtit phaeniee eRowinpditietefidphendtyds ed
herein, progeny of a fish are any fish which are descended fromthe fish
by sexual OFBB‘F%@@N*@WTB?WNSom ng, and fromwhich genetic material has
been inherited. In this context, cloning refers to production of a
genetically, identical fish from DNA, a cell, or cells of the fish. The
fish from whiA$useanisdréies orfnhmlanthlsﬁstemfemdedrahgen'mfﬁs}r ot prapeag of apfishgeni t or
fish. As used . herein, develo f aflshfrorr%,1 cel | Bcells

(enbr yoni A&TIPEL a gozeno SR tch 8’\’/& Hessh Aokishintawhicha copstruct nt o a
fish, " ref g5$ thh iRROMEEIRATRY RN REORESSIR¥Iopdlitih in fefilbkydnid ediego Cel | s or

nbryonl c cells (and their progeny) grow, divi de erentiate to
f orm an adllich ﬂlﬂs:hnstfmtethmxﬁs)dubedjﬁtsnachhtrhm, mnmenom; omst:lkptmsaw

br ogon T oreFietread et wlfheidly oo vt FRREBIN AR AT mkdrekd 1 n the
exanpl es a4it® PASH. I THe! tefnh )értifﬁﬁi’:ilbihtr@(ﬁlchﬂﬁ Esﬁﬂﬁ&d’é@@o R IR irftfodlucticH §a Of
ornanental fish. 12 Transgene Construct Transgene constructs are the

genetic mapeyiust thmeugh inormak repaedustion rmrogdrictin qressepr Bhatcis, dhe rasigingbni c
fish. Suct}n&%gﬁ dyg{'?t%ﬁg o?rt}aﬂf i[n&.lu 2o & #n[a(i)lggf%glma@t (t,rog Pre;la-d g jfanner of

i ntroduction, ructure of a transgen construc Fender s
such 1ntended to be excluded. However, fish produced by transfer, through normal

‘breeding, of an exogenous construct (that is, a construct that was originally artificially
introduced) from a fish containing the construct are considered to contain an
exogenous construct. Such fish are progeny of fish into which the exogenous
construct has been introduced. As used herein, progeny of a fish are any fish which
Iare descended from the fish by sexual reproduction or cloning, and from which
genetic material has been inherited. In this context, cloning refers to production of a
genetically identical fish from DNA, a cell, or cells of the fish. The fish from which
another fish is descended is referred fo as a progenitor fish. As used herein,
development of a fish from a cell or cells (embryonic cells, for example), or
“development of a cell or cells into a fish, refers to the developmental process by
which fertilized egg cells or embryonic cells'(and their progeny) grow, divide, and

- differeritiate to form an adult fish.

_ The examples illustrate the manner in which new transgenic fish exhibiting
different phenotype or patterns from its progenitor fish can be made and used. The
transgenic fish described in the examples are particularly useful to increase the

commercial value of ornamental fish.
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a transgene construct an exogenous construct. Al though a transgene
construct can be nmade up of any nucleic acid sequences, for use in the

di scl osed transgenic fish it is preferred that the transgene constructs
conbi ne expressi on sequences operably Iinked to a sequence encodi ng an
expression_ product., The transgenic construct will also preferably include
ot her -co MDA PRSI expression, stability or integration of the
construct. i MRnidiGe WBRGRRChredtht | gthletid iR tha' 81 RiroARTAANRNESH 5 2
transgene construct referred to as being operably I'inked or operatively
“li'nked r efpgeduce a transgpiadishsSenhi enpsirects arenatificdliy dntradugkd avo tiksbiilhe '

-function together. for t.heir , intepde ur . Fish The djsclpsed
const ruct §% ﬂé?&8é'§k8ﬁ’ﬁngeo%§e@‘eﬁﬁ?%“§ﬁ‘§sat SEGF PR .C{’A?;n‘% e%whher ein,
fish ref erstrimgaityconsidee an ekodehbuscdonss@s. ARhdhtd wﬁisgeﬁeeéoaém ch® baS

pisces. It is preferred that fish belonging to species and varieties of
fish of coneeren ef amrnuckeie agid ispquences: &raise inghe disglosediteansemic fish Hasude

Ci chli dae | ehl . ' phyl I um
or  Syrony J5eisffa BB [EHAGIen0 B Acs cOinbieTXBbiaf RS BBy Tt 1Y
(such-as Qorydayuasce érodiagransexprestioarptgdyti The ladgenicGrrakaadtdel ABoch as
Tetras or Carnegiella), Cyprinidae (such as CQyprinus, . )

Br achydan ipa%f%@ggamp@% othefpamponghts ik alésqxagesw%r%ﬁ%w (o frtegratian ehthgs
Medaka, ' | ' i 0 T r ' or use
w th the dPiaTicEdfodthe dolbne T £l oRhage Mt ARhEne I8 sabitnt

( Br achydarvionstorct Dafere)i. toViad abang raperablyr dinksth dravpestigely f lidadt refadtant ages

to use for ornanental fish that ,the e large]ly.transparent (Ki mmel,

Tr ends o fERPRISNS g i GyRaecied a8 o Ay Brdlcke alnchOR RRehir ok e <
descri bed jnfyded pupssenger, Natl. Cancer Inst. Mnogr. 65:53-58 (1984). The
term "nmedaka" in he invention is not limted but to that from

Adri ani cht hyi dae (Ri cefishes) such as Ovyzias javanicus, Oyzias |atipes,
Oryzi as ni]ﬂgi mas, Oryzias luzonensis, Oyzias profundicola, Oyzias

mat anensi s, lbryzi as nekongensis, Oyzias mnutillus, Oyzias nelastigng,
O. cur vi not us, Tk dieclbsdenaitticts’ 400 arstidds Ichis be fddorits anyaiyfle SEASNOG hsedlS

herein, fish refers to any member of the classes collectively referred to as pisces. It is

preferred that fish belonging to species and varieties of fish of commercial or
scientific interest be used. These fish include Cichlidae (such as Pseudotropheus,
Cichlasoma, Apistogramma, Pterophyllum or Symohysodon), Fighting fish (such as
Betta or Macropodus), Catfish (such as Corydoras, Ancistrus or Pterygoplichthys),
Characidae (such as Tetras or Carnegiella), Cyprinidae (such as Cyprinus,
Brachydanio(zebrafish) , Danio or Carassiusy and Killifish (such as Medaka,
Rivulines or Livebearing Toothcarps).

The preferred fish for use with the disclosed constructs and methods is medaka
and - zebrafish (Brachydanio or Danio). Medaka and zebrafish have significant
advantages to use for omamental fish that they are largely transparent (Kimmel,
Trends Genet 5:283-8 (1989)). General zebrafish care and maintenance is described

by Streisinger, Nail. Cancer Inst. Monogr. 65:53-58 (1984). The term “medaka® in
the invention is not limited but to that from Adrianichthyidae (Ricefishes) such as
Oryzias javanicus, Oryzias latipes, Oryzias nigrimas, Oryzias luzonensis, Oryzias
profundicola, Oryzias matanensis, Oryzias mekongensis, Oryzias minutillus, Oryzias

melastigma, O.curvinotus, O. celebensis, Xenopecillus oophorus, and Xenopecillus

13



_ nalabarlcus

13 saraci norum The preferred medaka is not limted but to that from
Oryziinae such as Ovyzias javanicus, Ovyzias |latipes, Oyzias nigrinas,
Oryzias luzonensis, Oyzias profundicola, Ovyzias matanensis, Oyzi as
mekongensis, Oryzias mnutillus, Ovyzias nelastigm, O curvinotus,

cel-ebensis. The nobs erred daka i tip The er-red
B achydan 810 Uie SRERERFSH R Haky oty Teuird et Fngebfon SzipsceBhds. b
aequi pi Nnadysias !?avdmlz@b@ﬁfz%slatgpes bk me@&m zamazrbﬂaﬂuej oazzasapogon
D. apopyris, D. assamensis, D rae, D. chrysotaeni at us, dangila, D.
‘devari o, wrojﬁeadtgﬁ@n@mmsmatﬂn@ﬁfse ryAins hekpygensis, er@m&)mwtdlm @neigsr upt us
D. kakhi ens |t aoensi | e e ensi s,
gmah;bganengﬁg Q .celrfgl'fsg erT?]Fe'ﬁgSits?rQ%%%ﬁlIa?%aggs%:?@fygms
pathlranaladi};esregl na, D. rerio, D. roseus, D. salnonata, D. shanenS|s and
D. spinosus. The nost preferred is golden zebrafish. Medaka and zebrafish
enbryos are easily accessible and nearly transparent. G ven these .
characteristipg @@sgﬁeﬁfdaﬂﬁd%asefe&eaegsﬁi B £0% UonSIHY Gr FATTYI N
a construct enco ng a reporter protein and s ste C "'expression sequences,
.can. proviateostomspiltl aeqaipirtnatee, Dn nmlabmncderﬂ)l &Ilbchnaaw &f. smorndédds] G

t ransgeni cs r fish ith sone of . the sane, desirable
_characterlagtog%rlgr‘@m&’% raé“faé’Fer”éld’BFf}la? rets Qb efrvegiaeniefisy fle a B of the

'nve”t'onde%’ﬁ'ofb’% ﬁgﬁe QONGrahfeis B 08 DOBEAS, 00 OWRerripAS] P19 Of

green fluorescent e|n , nodi fi'ed green ¥l uorescent protein,
enhanced gqaéiernnwuoﬂeb@m, Dpllaymsm Ie EarEe, D. WmtdehmasBemulqbﬂdm, ®. ( RFP) ,

enhanced red fluogesc r ot ej uore ent. te| n (BFP),
enhanced Blegdner DS B oy b pierar et inadh b o aoah Dprestet n
(YFP), entpnegesisybl tdhwondth UDI Gafients anddD.epiosisY FRE mdey prefértddas gsmeat

protein (CFP), and enhanced cyan fluorescent protein (ECFP). The preferred

fl uorescerﬂeb@ﬁﬁ]é is selected fromthe group consisting of green
fluorescent protein (G-P), nodified green fluorescent protein,

Medaka and zebrafish embryos are easily accessible and nearly transparent.
Given these characteristics, a transgenic medaka or zebrafish egg or embryo, carrying
a construct encoding a reporter protein and systemic expression sequences, can
provide a rapid real time in vivo identification of successful transgenics. Other fish

with some or all of the same desirable characteristics are also preferred.

Fluorescent Gene
In the method of the invention, the fluorescent gene is selected from the~group-—- -

consisting of green fluorescent protein (GFP), modified green fluorescent protein,
enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP), enhanced
red fluorescent protein (ERFP), blue fluorescent protein (BFP), enhanced blue
fluorescent protein (EBFP), yellow fluorescent protein (YFP), enhanced yellow
fluorescent protein (EYFP), cyan fluorescent protein (CFP), and enhanced cyan
fluorescent protein (ECFP). The preferred fluorescent gene is selected from the group
consisting of green fluorescent protein (GFP), modified green fluorescent protein,
enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP) and
enhanced red fluorescent protein (ERFP).
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enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP)
-and enhanced red fluorescent protein (ERFP). 14 Generation of the
Progeni tor Transgenic Fish The disclosed transgenic fish are produced by
i ntroduci ng a transgene construct into cells of a fish, preferably

enbryonic gells n single cell enbryo. Were the
~transgene @ecﬁfg't’?%?Pﬁhn%ﬂg%dg’ﬁifganf%f’bcrg‘?}]bryoni c cells, the transgenic
fish is obtai Tiedisylosdd teatksghid fish aRlryduae bg ehttoduting&l frnshehedmeirg® | Nto a
fish. Introduction of constructs intq enbryonic cells of fish, and

“subsequentintogella mm peterably embyyonig celis; japg mast e@fwblvne af sipgle (calht
enbryos deé{r% é ‘i!ﬁe ?{fanégég o%ﬂgtﬁ.gl 1§ lﬁgd%ce fifo %ﬁlﬁ%ﬁpce%kﬁss thIhe

di scl osed tra sgene constru can intro I'nto e onrc’frsh cells
usi ng any temsgenbl fst Bodbtdingdeby hmwingelmémnummcf@tl & wels tmﬂwwh;cimml of

exogenous enetic nmaterjial have been denonstr gt ed | fish and ot her
ani mal s, fifte AnirpRCHGR. Ohrconsiiitsc it opmbRPRE: ¢ Gopét SebseaueRiun
bonbar dnefeyelafitledtdF tiiSEshO SRR, ‘Wﬁ!ﬁ
~introducti oﬁeo frtansgene %rgr?gitqguct S |t¥1let= gé%]?}hg%&{é Pig?u C égétl‘tgaby

m cr oi nj eqareph fistEmomgss dishspesidsr yoni ¢ cel | s can general ly be obtai ned by
collecting eggs imediately after they are |aid. Depending on the type of
fish, it is generally preferred that the eggs be fertilized prior to or at
the time of cphd @tlb&d traRbénel onRbkLEMIDY intRAGQABhicSafBryBNicHisAClang a mal e
and female fish together in a tank that allows egg collection under

condi t i ongisingaanysyutiablieechnigue; h@any/mlwa@mforemqhwgtre@gmonqu gxegenosser r ed
that the e (o) [ e a. renovi ng
the chori éty |§eﬂ%ié§%§ ge‘%‘o‘ﬁlee %%g#ﬁé ﬁ(%{r} a?ld t!:e}rgar ﬁgf?ﬁa E@égﬁsi!ﬁﬁgﬁe

pr ot ease Sm@fbl@ﬁctlcm[ %%@Oraﬁlohﬁpérhblb@d b@ﬁ@aﬁl@idnt [@int Glie G2 dmgyofsdnhéd. cel |
division is considered a_qne cell . enb and the fertilized egg cell is
thus considergtessd anghod mrcmgedwctlomqférw&ﬁnﬁowé'ﬁ% e fisheembrivnigene
const ruct % L[l owed to develop into a fish. This generally
need mvol%fg@lr?o rr[)i)réfebn%lE%tﬁgJ I ncubating the enbryos under

Embryos or embryonic cells can generally be obtained by collecting eggs
immediately after they are laid. Depending on the type of fish, it is generally preferred
that the eggs be fertilized prior to or at the time of collection. This is preferably
accomplished by placing a male and female fish together in a tank that allows egg
collection under conditions that stimulate mating. After collecting eggs, it is preferred
that the embryo be exposed for introduction of genetic material by removing the
chorion: This' can be done manually or, preferably, by using a protease such as
‘pronase. A fertilized egg cell prior to the first cell division is considered a one celt

embryo, and the fertilized egg cell is thus considered an embryonic cell.

After introduction of the transgene construct the embryo is allowed to develop
into a fish. This generally need involve no more than incubating the embryos under
the same conditions used for incubation of eggs. However, the embryonic cells can
also be incubated briefly in an isotonic buffer. ¥ appropriate, expression of an

introduced transgene construct can be observed during development of the embryo.

Fish harboring a transgene can be identified by any suitable means. For example,

the genome of potential fransgenic fish can be probed for the presence of construct

15



the sane conditions used for incubation of eggs. However, the enbryonic
cells can also be incubated briefly in an isotonic buffer. |If appropriate,
expression of an introduced transgene construct can be observed during
devel opment of the enmbryo. Fish harboring a transgene can be identified by

any suitabl e neans, .For exanpl e, he genone of potential transgenic fish
can be pr CEEFOFEY sfpﬁéerﬁkfwéﬁsénmﬁ%ﬁ@@ﬁnm% £ &apsgene, the pressices v

t ransgeni G¢f,j ual i, ) t e .af  an

expr 095t o 1 ochey 02 P BB R d ek R e 0P pBUIP R cath

i dent i fi car¢ bmovar andasedsordrmisgepechnimelstand negecincheaapphied & tendgendsfistcan be
applied t(i) t r.anscf*;en' c,.f,i sh. r obi ng %f ?oteni . al .‘?r actual transgenic fish
for nucl eitsoRiBE & Batsits] ol detpleaRactlc igh for o veif pespiepces prasest i A de e
construct dharaBleAbt®s aPlaytrakeaidrbdrshast RYproRWbIE WBcdiplishe! bhesduili®ldri ng.
Al'so preferred is detection using polynerase chain reaction (PCR) or other
sequence- Sputher blofing Alse preferred ippdstedtiontusing nobanerasprbein repciiondBRRY nmedaka

be-ai rect 19 O aRBbE el FRETEAG BRERAEIOR il RN B Raa™ Y o

Cener at i ngntl kebrafish thabars gRoieScdnics Bechise ofithie Rhhdpend heptasy ta & difeagss for

t he produc%iﬁon of _haploid cells_and to the _production of the new

t r ansgeni OPFsTE¢ WitB gyesand aregasribedap ths @Kapwleso t he i nvention haploid cells
are preferably derived froma neiotic process. The process of neiosis
forms the pivotal event in the life cycle of living organisns at which
geneti c vdsereratimg the: mawerheskenidfishover it nmarks the transition between the
di pl oid and the hapl pid.. The specialized cel] int enal e reproductive
or gan that —ent i SVRAsielaict fR Aa0s<Ss £ the g Wéo}@ﬁmflqlg?cgﬁ%%ﬁw 8 in the
di fferentialRitioy Hf fe nB¥itfBsdeif RN tHREcARCYt s go through neiosis and
generate "haploid eggs. Wthin the male reproductive tissues, a simlar
process leads to the formation of haploid sperns. Although there are

Si gni ficant dy{fSEEneetd fvblbniElth FPRARER) BENA%S o Moti

process. The process of meiosis forms the pivotal event in the life cycle of living

-organisms at which genetic variation is created. Moreover it marks the transition
between the diploid and the haploid. The specialized cell in the female reproductive
organ that enters meiosis, which is called ococyte cell, is embedded in the
differentiated ovule inside the ovary. The oocytes go through meiosis and generate

haploid eggs.

Within the male reproductive tissues, -a similaf process leads to the formation of

haploid sperms.

Although there are significant differences in the cellular processes leading to the
formation of female and male gametes, the cytological events that occur during
female and male meiosis are very similar suggesting the involvement of common

gene products.

The end product of meiosis is a set of four genetically distinct haploid cells,
which can undergo mitosis to develop into gametes. The gamete, which upon fusion-
leads to the formation of a zygote, develops into an embryo that can grow out the next

generation.
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formati on of femal e and mal e ganetes, the cytol ogi cal events that occur
during fenmale and nale neiosis are very simlar suggesting the invol venent
of common gene products. The end product of neiosis is a set of four
genetically distinct haploid cells, which can undergo mtosis to devel op

I nto ganetes._ The ganete, whjch upon fusign -leads to the formati on of a
zygote, devel BpQdpnis, generaifphs gewhizansgepc dishyihs progenaion dish cagumgrthei on. 16
In order t I ' 3 : ' e arrying
the " tr ancsARng el ol oA e R RAS: ehrith direRl QRROLpROr iRy ' "
phenot ype The phahatgpaef the fish ipsadented/ fremahe grompfoosdisting ofadolors, dbhofascamt t he

i St f col £ t lors, body sh . body si zes,
body  t r an<BLFBRPY shaBes Doy sizes BafY FamsbwreRt 15Kty grasp colofs DS pelpSsting{ 1
si zes, 1t aishafR 2R Sizeh,hil shhFRS tailedifesC BYPESlorsC¥fe SHPEL Sndany MByvanser vabl e

phenotypi c_differences fromthose of fluorescent nate. In the (greferred
enmbodi mentbhenqtygic difarenogp &oot thosreof flugrescentguitec { thefprefaired embedimsnt,

and-stri pan2inEPLBESraRaRh ERIeTR prBSBY el PISRIRERoLHER, Roo bRy '

consi st i n®o@y trighisparenpRiEle) grain cokdrs abstiipd Ed6m8Ss and swi mmi ng patterns.

Hapl oi d ganetes carrying the transgene fromthe progenitor fish were
fertilized wth haploid ganmetes fromthe other progenitor fish with

di fferent phevg%t Resh Pl g ok e aW . i ng any
sui t abl e breedi n% tecﬁ{r‘nthqug&s %aé\}geicfegb %&lqg%)g{:{%uéa‘{soggigﬁl@gf Eﬁé@gé}ﬁeﬁondi tion
may be r eguipequttedix anpsveinohinggatterms.i ng new transgeni ¢ nedaka and zebrafi sh
is illustrated in the figures. For exanple, the preferred transgenic fish
is TKL red x O curvinotus, TKl green x O curvinotus, TK2 “red x Brachydanio
frankei, TK2 mgdom g%hé’féé'lﬁéﬂgm € Bran Yo th ROy @l vere efARKS . TK2
green x Br anchfliga.ni 0 sp or urgglhe Ze%%e Eiosh. e'yPﬁggtr_ansgenii:c fish and the
fish with vditf hepleidt gamitesofrpme ther othert proganitrayfishewish differents phamotypesiiof f er ent

famly, g%g Ems" TR ef%}tﬁiszati(gnn o::tarqebé3 rd%Lee rlisxenqg %nnyos%htgﬁgtbreé&}gg techniques

available. Specie-specific breeding condition may be required. Example of generating

- new transgenic medaka and zebrafish is illustrated in the figures. For example, the
preferred transgenic fish is TK1 red x O.curvinotus, TK1 green x O.curvinotus, TK2
red x Brachydanio frankei, TK2 red x Branchydanio sp, TK2 green x Brachydanio
frankei, TK2 green x Branchydanio sp or Purple Zebra Fish.

The transgenic fish and the fish with different phenotype or pattern may be of the
same or different family, genus or species. In the preferred embodiment, the -~ -

transgenic fish and the fish with different phenotype or patiern are genus or species.

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.

Examples

‘The examples below are non-limiting and are merely representative of various

- ~aspects and features of the present invention.
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transgenic fish and the fish with different phenotype or pattern are genus
or species. Those skilled in the art will recognize, or be able to
ascertain using no nore than routine experinentation, nmany equivalents to
the specific enbodi nents of the invention described herein. Such

equi val entg_ar & ig J88od 9f 1S AGQARASE P?’l‘Rt he follow ng clains.

Exanpl es ) mor-trmtiig and are nerely representative
of various aspeéidsr tngedefitd tHeoged! flidiescefiemedikaj Theedht TR, pléstidoppl-e |
Generation of the plasmd p/)-EG-PITR In order to generate the green

1 uor escorECRRIR ¥as copstrusted recprding i Show E¥oetel, TaamonirrRara200oHAY uct ed
di | Ira i ) : - 15, d
o oent og JB-1) 4 ke Bhecdlted HARRAST FrellFB BAFD bodfindd s mefifa 2ol 21 ¢

fused wit hprbfabR} faddiAvitiR AGFP IeDNAS arb tittdn ¢f shitdll OemigeSVEV4PPLIA, saad  pol YA

fromthe nmedaka 8-actin _gene. The nmedaka f3-actin pronoter was obtai ned
f r om pOBA-pedybifrom dhevmsdakiag Ssadin ggneh The medakaiSetin prometerswas Rbtainedgment

A dh
end- prod [ d t.Q the 4. 2 k | - | , fna from
oo Ecepit AR S facuct it Salsnl ot cRBNER fegBfhciends o
EGFP cDNA praduct rvaselipdpd tot the 4.3 -kBCSH/MNpsIofiBireent S plCMV ERGERITRO e eNds by
AAV-1 TR propriate anmount of- 13 -EGFPI TR was restricted by Notl. The
nol ecul ar fiighgesult grastand 195 B SEECPPITR pleamid ngikigh BGES cDNA s slsives pct ed.
Exampl e 2 rali t ' - ed?-+1s] TR In order to generate
the red fﬁﬁgo?%s"@%hﬁ’%rr’ﬁ a?giﬁkgfﬁ?ﬁﬂ&%sgﬁgﬁﬁ%t- DsRed2- 1- | TR was
constructed. As illustrated in Figure 2, the nedaka f3-actin gene pronoter

was obtai ned by digesting plasnm d construct pOBA-109 with restriction
enzymes Ncol AHBrOpBaiR ameynd ofiingd -RGBUI TR mes resrieted hyr¥od.i Theadlepulasnd a

subsequentlg?sgifﬁ@ﬁ%%dﬁﬁﬁ%{?ﬁﬁgs r%}“‘g’u 7_§§(ﬁ&§§g§s€{c@e§.ﬁent. As illustrated

in Figure pr ono I'ng the

Example 2 Generation of the plasmid pf-DsRed2-1-ITR

In order to generate the red fluorescent medaka, “red TK-1”, plasmid pp-
DsRed2-1-ITR was constructed. As illustrated in Figure 2, the medaka f-actin gene
promoter was obtained by digesting plasmid construct pOBA-109 with restriction
enzymes Ncol and EcoRI. Neol was used first, ends were filled in, and a subsequent
digestion with EcoRI provided a 4 kb fragment.

As illustrated in Figure 2, the CMV promoter was cut out by digesting the
construct pDsRed2-1-ITR with restriction enzymes BamHI and Sall. Digestion with
BamHI and Sall provided a 4.7 kb fragment. Then, the f-actin gene promoter of
medaka was inserted into the plasmid construct, pDsRed2-1-ITR, at the position
where the CMV promoter was cut out. The resulting plasmid construct had two 145
bp adeno-associated virus inverted terminal repeats (ITR}. One ITR was located at the
3’ end of SV40 poly A. The other was located at the 5’ end of the f-actin gene

promoter.
As illustrated in Figure 2, the resulting plasmid construct, p#-DsRed2-1-ITR, had

a total length of 8.7 kb. pf-DsRed2-1-ITR contained (1) the medaka f-actin gene

promoter (for ubiquitous expression of whole body); (2) sea coral red fluorescent
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construct pDsRed2-1-ITR with restriction enzynmes BanH and Sall. D gestion
with BanmH and Sall provided a 4.7 kb fragnment. Then, the f3-actin gene

pronoter of medaka was inserted into the plasm d construct, pDsRed2-1-1TR
at the position where the CW pronoter was cut out. The resulting plasmd

(1R Cncbtpie A W ST P ol it 0 mri Rftig voe

I ocat ed atcohkteudebagid of the f3-actin gene pronoter. As illustrated in
Figure 2, the resulting plasm d construct, pf3-DsRed2-|-1TR had a total
~length of 8.7 kb. pf.3-DsRed2-1-1TR contained (1) the nmedaka f3-actin gene -

pronoter (for f ' . . ral red

fl uorescent @B% gﬁh&%z@s(&(fﬁ%w%%?om a?’é g%?%%“qtéé%l@ﬁ% ern?urlllgl
repeats; afdvdrdregtdiiionl cagyme A gmali lﬁﬁu@dn bfthe ﬂlgeékacp pajdactay s a:}nmuétl by

of pf 3-DsRed2 | -1 TR was este t.h proport anpunt  of Not

restricti %@ﬁ?ﬁﬁleeleﬁr@ﬂﬁq%ﬂs fiQ é{?}i‘%’dﬁ ]HTea'ElWeTgP g’é&’@’(‘f lgnsghy s 8apkb ahal yzed
by agarosgpggtd.el ectrophoresis to verify its linearity. The fragnment

| engt h was g 7 kb as expected. Exanple 3 Generation of plasm d p-aEG-PI TR
In order to generate the green fluorescent gol den zebrafish, "green TK-2",
plasm d p- ) Za d. mu'j daka 8 -actin pronoter of p,8

- EGFPI TR we el - geS Py RS Xriction enzymes Sall and Ncol .
Then, the a- amt bfdeﬁQB d%ﬁ(@ﬂﬂ! gfefenqmdii@s@eng&ﬂa{ Lelali@S “gRRATTRG nto the
pl asnid construct at t osition where the nedaka 1t3 - actin prormter was
cut out. ‘ﬂl@ﬂrlémﬂEG]fﬂjTBI%rﬁOﬂS‘D@tﬁsltruct had two 145 bp adeno- associ at ed
virus inverted termnal repeats (ITR). One I TR was | ocated at the 3" end of
SV40 poly A, The other was located at the 5 end of the a acti n gene T 7
pronoter. As Thd petsal Bdadth ﬁbﬁﬂfeﬁo@b@ EGHPETR &dd| dut Bt 5} Ggiigt ruct ,
p-aEG-PI TR, had a total |ength of 1 kb. p-aEG-PI TR cont ai neg (1) the

gol den ze Festrictin gnzeesnSgbraad Neol. Then the a-actin gene promoter of golden

zebrafish was inserted into the plasmid construct at the position where the medaka S -

actin promoter was cut ouf. The resulting plasmid construct had two 145 bp adeno-
associated virus inverted terminal repeats (ITR). One ITR was located at the 3” end of
SV40 poly A. The other was located at the 5° end of the a-actin gene promoter.

As illustrated in Figure 3(a), the resulting plasmid construct, p-aEGFPITR, had a
total length of 8.1 kb. p-aEGFPITR contained (1) the golden zebrafish a-actin gene
promoter (for ubiquitous expression of whole body); (2) green fluorescent protein;
(3) adeno-associated virus inverted terminal repeats; ‘and (4) pUC plasmid construct

basis.

Appropriate amount of p-aEGFPITR was digested with proportional amount of
Not 1 restriction enzyme. A small fraction of the digested product was analyzed by
agarose gel electrophoresis to verify its linearity. The fragment length was 8.1 kb as

expected.

Example 4 Generation of plasmid p-aDsRedITR

In order to generate the red fluorescent zebrafish, “red TK-2” , plasmid p-
aDsRed2-1-ITR was constructed. As illustrated in Figure 3(b), the golden zebrafish a-
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pfonDter (for ubiquitous expression of whole body); (2) green fluorescent
protein; (3) adeno-associated virus inverted term nal repeats; and (4) puUC
‘pl asmi d construct basis. Appropriate amount of p-aEG-PI TR was di gested

wi th proportional anobunt of Not | restriction enzyne. A small fraction of

t he digested product was anglyzed by agarose gel el ectrqphoresis to verify
i ts | i neard°H) ECHHBIOMOLE A © téﬂaf hy digesting;plpym scongyaﬁéeﬁ&gﬁ th 4

Cener at'i or}eﬁictm@%%@eemlaf RadIsER NMaoohds ﬁséd?ﬁ&%”ﬁfd@%@er& gtel G d’% escent

zebrafish, "red T plasm d p- aDsRed2-1-] was constructed.

i |l ust r at subsequétitgigesti®( with Sel prayidederB.8 kbfraginett. a 19 acti n gene pronoter
‘was obt ai ned by digesting plasnid construct p-aEGFPITR with restriction
enzynes Ncol and Sall. Ncol was used first, ends were filled in,-and a -
subsequent di gesthstiated ihFigat|3(), @ ORIV prométeK Waf CAOHR By digedtinkUstrated in
Figure 3(b), the CW pronoter was cut out by di estlng the “construct

pDsRed| TR Sfnstrict @EsRedktRowith gstreidorpanaymes and amHE wWasared f i r st
i t
en

ends were £iJ | ' suhs | I . DLOVi a 4.2 kb
fragnment. élrh']ér?ﬁgst %reaﬁgc ?nri %@n%g‘%‘r%%%e&er%%%ﬁoggl ‘L:lazﬂggéozl}{l‘é%’gha ﬁggﬁ? nserted
into the fplgasent ATteantikraisdtin gehe Pesthdtet ofgolidiez¢bosishi vz ibeted ihtoahe&MW

pr onot er ﬁs c_at out . Theg{esult' ng pl.asmd construct had two 145 bp
adeno- assdt#ssid gonstiugts PPsRedt Bgat the pesttion wherg dhg MY mgmotenygas| cphoas

l'ocat ed at’I‘Hehf'eséﬁ:in%'}ﬁas%id %ﬁgr&@ll?éflptwoﬂi'% h§([en y%@ﬁ)cia?e%l?gl?& ; chbg > end

of the a-actin gené pronoter. As lustrated 1n Figure e resulting
pl asmi d cdestinalatpeais-FTRREMTRR wasdocated aitthd 31 amdgiflSVG10 @l Ak Whe dtier

resulting construct p-aDsRed| TR contained (1) the golden zebrafish a-actin
gene prO”Maéaoﬁ%faté&gmggg@ﬁé&"gmggfoﬁﬂt%r‘(2) sea coral red

fluorescent protein; (3) adeno-associated virus inverted term nal repeats;
and (4) pUC plasm d construct basis. Appropriate anount of p-aDsRedl TR was
di gest ed wi t hApibstrated dmHiguemd(bhtthefesulting plasmid construct, p-aDsRedITR, had

a total length of 8.0 kb. The resulting construct p-aDsRedITR contained (1) the
golden zebrafish g-actin gene promoter (for systemic gene expression); (2) sea coral
red fluorescent protein; (3) adeno-associated virus inverted terminal repeats; and (4)

pUC plasmid construct basis.

Appropriate amount of p-aDsRedITR was digested with proportional amount of
Not | restriction enzyme. A small fraction of the digested product was analyzed by
agarose gel electrophoresis to verify its linearity. The fragment length was 8 kb as
expected.

Example 5 Preparation of Microinjected DNA

All DNA plasmids were prepared via ultra-centrifugation with cesium chloride
and ethidium bromide gradient (Radloff et al., 1967 Proc Natl Acad Sci USA 57:1514-
1521). All DNA fragments used for microinjection were eluted from agarose gel

following electrophoresis.

Example 6 Cﬂoplasinic Microinjection

The procedures followed for cytoplasmic microinjection are described in detail
in Kinoshita and Ozato, 1995 Fishk Biol J MEDAKA 7:59-64 and Kinoshita et al. 1996
Aquaculture 143:267-276.
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Not | restriction enzyne. A small fraction of the digested product was

anal yzed by agarose gel electrophoresis to verify its linearity. The-
fragnent length was 8 kb as expected. Exanple 5 Preparation of

M croinjected DNA All DNA plasm ds were prepared via ultra-centrifugation
with cesiumchloride and ethidiumbrom de gradient (Radloff et al., 1967
Proc Natl Acad Sc! USA 57:1514- 1521). Al DNA fragnents used for

i croinj ecti 0P1sWe’%e RlattieRfed GRS GRS Botthlions! ¢F 1'4%(‘41?51 a‘ﬁHQ‘BtH Qﬁﬂﬂésﬁs' S.
Exanple 6 Cytoplasm c Mcroinjection The procedures

cyt opl asmiat 26¢vC and n]amtamahoma dictief Tetdnaid (Tetra dfeambny)i Befémﬂmhmnﬂnaumd Qzat o,

1995 Fish Biol, JVE - 59-64 and hi,ta et 1996. A |
143: 26|7827E‘61 %ﬁlf’@ﬂ‘@ Werle WF’??%?&@‘%&%&%‘ Sg?a?'?tf"?bpféﬁp%‘h‘m Pq‘?a %?4 h
l'i ght and gkQ¢ Hw@ﬁh%@ﬁ%ﬁtheeﬁgh?@?déﬂﬂs R, Qisﬂ%‘ég@ﬂre@e le&t:teafevE@t amn

(Tetra, Gernany) efore the incubator™ enteréd the dark cycle, fish were
col | ect ed misgtesepar at ed by separation net. On the next norning after the
|l i ght cycle has begun, fish eggs were collected every 15-20 mnutes. Eggs
were collected within 30 mn of fertilization and attaching filanments

removed. The Epgieavetrd edllensds withai 30ami) winfeitflizedbrnagd cunaslﬁhganmhentﬁx PBS
with phenol red at the desired concentration. DNA was picked up Bﬁ/
mi cr o- capitPPgysa- ofhe linasriged sanshiueh Biapjquanteied o, disenivgd wnéXePﬁStw

I njection I I 0 -pm
pe i cr o AL fed e aRirch Bn Baihfion SN WA HickEQT BRI B oy o

appr oxi matzetirafisid mid:roinhect@e(ﬁhtmnnon@ whezeih itininpeetion needleS@iddiDofihg snicwer e

I nj ect ed,; 25 300 e wer e | cted in each experinent. | n' cted. eggs were
| eubat ed APUERCTES Agetrael Mty As) Bisiopeedls i MensplLpomesraehng f or
Transgeni ALY REd! Wise V\ﬂgy‘?&ﬁgﬁa Nehe Ih'é&él?%&\"oirﬁec%ﬁrsbési&egoﬁt‘él égtghon

cultured in |ncubator rein
were injected; 250-300 eggs were injected in each experiment. Injected eggs were

incubated at 26°C in distilled water.

Example 7 Hatching and Screening for Transgenic Embrvos

Injected eggs were rinsed with sterilized solution, cultured in incubator wherein
the temperature was 28.5 ? . The fluorescence could be observed in the developing

embryo after 24 hours.

Embryos were observed under a bright field with a dissecting stereomicroscope
(MZAPO, Eeica, Germany). Dark field illumination for detecting green fluorescence
was performed with a stereomicroscope equipped with a GFP Plus filter (480 nm).
The distribution and intensity of the red fluorescence is observed under fluorescence
microscope (Leica MZ-12; Fluorescence System: light source Hg 100 W; main
efnission wavelength 558 nm, and main absorption wavelength 583 nm, filter set
RFP-Plus; photography system MPS60). Photographs were taken using an MPS60

. camera loaded with ISO 400 film and equipped with a controller for film exposure
time (Leica, Germany). In order to examine the distribution of GFP or RFP
expression in the tissues of transgenic fish, 11 days of post-fertilization larva which
having GFP or RFP expression on appearance were sectioned and observed under

fluorescent microscopy. Larva were fixed for 30min in 4% paraformaldehyde at 4C,
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the tenperature was 28.5 ? . The fluorescence could be observed in the
devel oping enbryo after 24 hours. Enbryos were observed under a bright
field with a dissecting stereom croscope (MAPO Leica, CGermany). Dark
field illumnation for detecting green fluorescence was perforrred with a

st ereom cr oscqpe, equ ed. w GE us filter (480 n The .

di stributi aﬁﬁi W\F’@PH&W Séhafla%“’r@%g IaH@)rfE’é’E'éﬁEe qosc dFecHoger
fluoresce J¥tat MR ( twSeurce Hg
-100 W malrt%?y em ssi gdr%l&\%gvie{ ngt%%ﬁwﬂﬂt@ I n abs r%ﬁ%‘%‘%ve gngth 583
nm fil termm&ﬁonﬂ?&sﬂnd@bsmmgfﬂﬁmmﬁmvaﬁﬁ&&umﬂfm;ngraphs wer e taken
using an MPS60 canera |loaded with 1SO 400 filmand equi pped with a
controller for filmexposure tine (Leica, Germany). In order to exam ne
the distri butmm@fﬂ.ﬁ&c&{ce%cﬁ geﬁes%e%hp@xﬂr&sfoh%&bﬁ ﬁﬁ@ﬁa@&z hri@ngem c

fish, 11 days of post-fertilization |arva which having G-P or
expr essi oneddKap mrﬁ(@))@@S@ﬂﬁ@mn@rﬁﬁmswtrédimd@f%ﬁdnm@scent

m croscop fi or 3 n 4% par.af or 4C 21
Orbeadoq” B ROEUAR R el (bur R rhil oot DGR BhEB TR S

sections expregsioh abcthh prdeBHTRhW@G&nQ\K-szeqea flaeFcREnY e ﬁéhtghn&aeal m

t hi ckness were nmount on slides and observed the GFP or RFP fl uorescence

i mredi at elfjpm erression Yectns Ped el R isgrd J&n2 (Eigeg 7@)bm expr essi on vect or
pf3-DsRed2-1-1TRis red TK-1 (Figure 5(a)). The green fluorescence fish
generated from expression vector pf3-EGFPITR is green TK-1 (Figure 6(a)).
The gr een Eianeple SaGéieeation bf mrananasgaidsr om expressi on vector p-aEGFPITR is

green TK-2. The red fluorescence f| sh generat om expression vector
p- aDsRed| TR i8S FRAVITIE B1EUFS éuse@efr% ogn&h%twgwﬂl( heie

transgeni a)f‘swﬁﬂo?ﬂrzfa@ rgz%ﬁzs“Fz%urVIn e ?’ﬁ Q(S%%Q?Wﬁ’ﬁ % gtween

red TK-1 (FI'g 5(a)) Oyzla green 1 (Fig
- 6(a)) wit kubnyariattig &), mdlks2 (Figy/(8))byijh Bmaydﬁmczs;( dig 77(()}3)r):d KD

e Blah b B P R i SR B SR s e

rerio (Fig 9(b)).

The resulting F1 progeny transgenics, namely red TK-1 X Oryzias
curvinotus(Fig 5(c)) , green TK-1 X Oryzias curvinotus (Fig 6(c)), red TK-2
X Brachydanio sp (Fig 7(c)), red TK-2 X Brachydanio frankei (Fig 8(c)), Purple
Zebra Fish (Fig 9(c)), are products of the genetic varieties of their parents. In these
examples, one of the progenitor fish exhibited green or red fluorescence whereas the
other showed a specific stripe or grain pattern. The new trasngenics generated from
the breeding thus inherited both characteristics and showed phenotypes that are
different from each of the parent fish.

These new transgenics are self-crossed to generate F2 homozygotes and hatched
as described in example 7. All of the progenies of the F2 homozygotes will inherit the

transgene and show the new phenotypes.
While the invention has been described and exemplified in sufficient detail for

“those skilled in this art fo produce and use it, various alternatives, modifications, and

improvements should be apparent without departing from the spirit and scope of the
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rerio (Fig 9(b)). The resulting F1 progeny transgenics, nanely red TK-1 X
Oryzias curvinotus(Fig 5(c)) , green TK-1 X Oryzias curvinotus (Fig 6(c)),
red TK-2 X Brachydanio sp (Fig 7(c)), red TK-2 X Brachydani o frankei (Fig
- 8(c)), Purple Zebra Fish (Fig 9(c)), are products of the genetic varieties
of their parents. In thése exanples, one of the progenitor fish exhibited
green or rBY¥YPRorescence whereas the other showed a specific stripe or
grain pattern. The new trasngeni cs generated from the breeding thus

i nherited both characteristics and showed phenotypes that are different
from each of ©he shilledrin theshit reudily canpesoiatesahupdhe pesenteingentioncisowekldd t o

generate E omozygot es, and .hat che s descr.i bed i.n exanpl e .7. | of the
pr ogeni es a(%)l?ﬂﬁ(ﬂgo é%%g%%fg%m%‘%s Va\ﬁ“?f)bﬁ%}{hglrei ?ndf ﬁ'g&l aflyadﬁasgﬁﬁﬁéengﬂﬂedglﬁﬁw t he
new phenotwgliess thobd lirthetdne thepdiNThe Belb fisicd) RAIMDrEARS ahit& 288 revessEplabdi ed in
“sufficient detail for those skilled in this art to produce and use it,
various almehodst foregrodysiaes them japh Jepraseatativepelo Pestermds embadimentse appar ent
wi t hout d ti om.t Lo LSO e [ t - e
okilled i giaggti[{deg}cﬁ th 218%'5‘15% g%‘ggﬁ?ﬁgﬁs S’L’eﬁ‘%r %séﬁt&?/ﬁ{\%ekn i%%"q.?s wel |
adapt ed t dMedificationstthérhim ekl ethes uagsdwilbbagur tb tkosensidllainth davant Tiges
mentioned, as,. well as those inpherent therei The cell ]ine eppryos,

ani mal s, %@E%’@é% aesengpmpassed patn flﬁrSpBT‘th{]}E‘? HYy R @er"ggfl@ggﬁt ative
of preferngd; SpbofingRMiSs. are exenplary, and are not intended as
limtations on the scope of the invention. Mdifications therein and other
uses will occur to those skilled in the art. These nodifications are

d within the.spirit of the i t,i. def i ned. th
scope” o the. Tt e roRi Rpbacendo aktran Ml a6 eleH wil Fostibe shE e oPs ' n 1t he
art that \.ad\heHfisdHas nlayticomnade &Nthe TRGnkibA AidcRRE! RBKinDPRithAAleh&tihh e

i nvention di sclosed herein without departing fromthe scope and spirit of
t he i nventirasmthe scope and spint of the invention.

All patents and publications mentioned in the specification are indicative of the
levels of those of ordinary skill in the art to which the invention pertains. All patents
and publications are herein incorporated by reference to the same extent as if each

_individual publication was specifically and individually indicated fo be incorporated

by reference.

The invention illustratively described herein suitably may be practiced in the
absence of any élement or elements, limitation or limitations, which are not -
specifically disclosed herein. The terms and expressions which have been employed
are used as terms of descripﬁon and not of limitation, and there is no intention that in
the use of such terms and expressions of excluding any equivalents of the features
shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should
‘be understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the
concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention as
defined by the appended claims.
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Al'l patents and publications nentioned in the specification are indicative
of the levels of those of ordinary skill in the art to which the invention
pertains. Al patents and publications are herein incorporated by
reference to the same extent as if each individual publication was

-specifically d individyally jnodicated. to.he incorporated by reference.
The inventi on&?‘F’imntfqﬂé‘PF Fﬁfysﬁgg’ i%gﬂnﬂ@rf(gﬁﬂwg’@ic?aé‘g‘Fy may be practiced in
the absence of any element or elenents, limtation or limtations, which
are not specifically disclosed herein. The terns and expressions which
have been enpl oyed are used as terns of description and not of [imtation,
‘and there is no intention that in the use of such terns and expressions of
excl uding any equivalents of the features shown and described or portions
thereof, but it is recognized that various nodifications are possible
within the scope of the invention clainmed. Thus, it should be understood

t hat al though the present invention has been specifically disclosed by
preferred enbodi nents and optional features, nodification and variation of
the concepts herein disclosed nay be resorted to by those skilled in the
art, and that such nodifications and variations are considered to be
within the scope of this invention as defined by the appended clains. 23
Q her enbodi nents are set forth within the following clains. 24 C ains
~VWhat is clainmed is: 1. A gene fragnent conprising (1) a fl-actin gene
pronoter of nedaka; (2) a red fluorescence gene; and (3) inverted term nal
repeats (I TR) of adeno-associated virus; provided that the fl uorescence
gene is not fromthe gene coding green fluorescent protein. 2. The
fragment of Claim1l which"is p;8 - DsRed2-1-1TR (8. 7kb)
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Notl Notl ICR 1W /3-actin pronoter DsRed2 ~uC p C SV40 poly A 3. A
‘plasm d conprising the gene fragnent of Caiml. 4. A nethod of producing
nmedaka with system c fluorescence conprising: (a) mcroinjecting the
appropriate anmount of the plasmd of Caim3 into fertilized eggs of
medaka; (b) selecting the eggs with fluorescence; (c) hatching the

sel ect ed Q@%’-“io mature; (d) crossing the mature fish with wild-type fish;
and (e) sghaGlLRfnddys pProgeny with systemc fluorescence. 5. The nethod of
- Claim4, wherein the appropriate anount of the plasnmd injected into the
Cfertilized. egdsgéne fagniant icemprising (it a Seotie genaprogehe dfithedaler () @alel of

nedaka. 6. A npedaka with s or escenc fromthe thod of
G a7 " rEORGaRs bthe ShA U el oo ot BT 5 avkibassoity

latipes, Oyzivgss; ptbeitdedBiat the NabrScehét PARNRI ot FInY Zhe gerdd fdine bfR

Oryzias matanensis, Oryzias nekongensis, Ovyzias mnutillus, Ory2| as

nmel asti gna, oﬂ@gfe@cpqupl@gemo cel ebensi s, Xenopecill us oophorus or
Xenopeci |l I us saraci norum 25 8. The medaka of Claim7 which is Oryzi as
| ati pes. 9. A gene fragnent conprising (1) an a-actin gene pronoter of
~gol den zel® af Tldfragnieht of Cidimdrwbickizxce gene and (3) inverted terninal
"repeats (I TR) of adeno- associated virus. 10. The fragnment of Claim9 which
S

p B -DsRed2-1-ITR (8.7kb}

Nofl Notl
ITR ITR
B -actin promoter 1'35"""2' I
/I
Luc SV40 poly pUC
A

3. A plasmid comprising the gene fragment of Claim 1.

4. A method of producing medaka with systemic fluorescence comprising:
(é) microinjecting the appropriate amount of the plasmid of Claim 3 into
fertilized eggs of medaka;
(b) selecting the eggs with fluorescence;
(c) hatching the selected eggs to mature;
(d) crossing the mature fish with wild-type fish; and

(e) selecting the progeny with systemic fluorescence.

5. The method of Claim 4, wherein the appropriate amount of the plasmid injected
into the fertilized eggs is sufficient to introduce transgene into germ cell of
medaka.

6. A medaka with systemic fluorescence produced from the method of Claim 4.

7. The medaka of Claim 6 which is Oryzias javanicus, Oryzias latipes, Oryzias
nigrimas, Oryzias luzonensis, Oryzias profundicola, Oryzias matanensis, Oryzias
mekongensis, Oryzias minutillus, Oryzias melastigma, O.curvinotus, O.

 celebensis, Xenopecillus oophorus or Xenopecillus saracinorum.
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p- aDsRedl TR (8.0kb) Notl ITR Li ~Uc or Notl 5V44 poly AP C11. A plasmd
conprising the gene fragnent of Claim10. 12. A nethod of producing
zebrafish with system c fluorescence conprising: (a) mcroinjecting the
appropriate anmount of the plasmd of Claimll into fertilized eggs of
zebrafish; ( selecti th s.wth flyorescence; (c) hatching the

sel ected égg?*ted“?fﬁgﬁf’g,&atla)% @%g%?l PhEHE  ure fish with wild-type fish;
‘and (e) selecting the progeny with system ¢ fluorescence. 13. A zebrafish
wi th system c fluorescence produced fromthe nmethod of Caiml1l2. 14. The

- zebr af i sh%f Acigsnerfragmenitrosiprisingdd) aem-actibregne promoten f golden zebyafishy

pronoter DsReg,| V44 Pl C EGEP 8. 1. kb) a- hn pronmoter 1=G-P
D615 The 2healiiiescsPoc e o4 PR aiteted et el BTR) o LR0ERE S 16,
The zebr af i shs@fcidibdiirasl4 t hat has systenic green fluorescence.

10. The fragment of Claim 9 which is

p-aDsRedITR (8.0kb)

Notl Notl
ITR ITR
a-actin promoter | p.red l_l
/
L SV40 poly L
uc A plc

-Or

p-aEGEPITR (8.1kb)

Nofl Noti
TR ITR
a-actin promoter %I—J
L ~ 8V40 poly L
uc A puc

11. A plasmid comprising the gene fragment of Claim 10.

12. A method of producing zebrafish with systemic fluorescence comprising:
"(a) microinjecting the appropriate amount of the plasmid of Claim 11 into
fertilized eggs of zebrafish;
(b) selecting the eggs with fluorescence;
{(c) hatching the selected eggs to mature;
(d) crossing the mature fish with wild-type fish; and

(e) selecting the progeny with systemic fluorescence.
13. A zebrafish with systemic fluorescence produced from the method of Claim 12.

14. The zebrafish of Claim 13, which is golden zebrafish.

26



17. A method for generating an ornanental fish, conprising steps of (a)
generating a transgenic fish containing one or nore fused fl uorescent

gene; (b) breeding the transgenic fish with fish with different phenotype
or pattern; and (c) screeni ng the new transgeni c progeni es show ng

di fferent t nat.t.er rgmtheir rents. 18. The nmethod of claim
17, wherei &t%% Ibg qa‘fqQ%&‘ﬁﬁﬁ’sﬂ‘ﬁ%e’f‘ﬁcé'ﬁ‘?ﬂmrﬁscﬁp‘ﬁ'erent phenot ype or
‘pattern are the sanme or different famly, genus or species. 19. The net hod
of claim18, wherein the transgenic fish and the fish with different

‘phenot ype . Fhe eemafishred (aifif Bt tbathag eyrienisrerepdbioesscer®®.  The net hod of
claim 17, - wherein the fluorescent gene is selected fromthe group
consi.sting of green fluorescent protein (G-P), nodified green fluorescent
protein, emhancehed mrgeﬁd:rumige@mﬂhm@ﬁt@nf%hno&ﬁﬁd?ﬂg stélﬁs(bff(h}lgﬂ’rﬁﬁa@ﬂ@ta protein
(RFP),’ enhanced red fluorescent protein (ERFP), fluorescent protein

( BFP), enhanéré@asweéismca@ﬁa%me OFr HOES ‘(QEQW)?SCC%NT@V\H?)IM gt

protein (YFP),. gﬁrMF t Y

fl uorescent pr ot%g&%r%ﬁ b fa}%%ggﬁ%o O? tetérg‘éﬁ SI:)O%EI n (gECFP).
21. The net hodxeaievctrmsgenﬂapm@mshomhg diﬂferattqﬂlemtyp@empatt@n $ehetied from
the group consisting of green fluorescent protein (GFP), nodified green
fluorescent PBPE®Ein, enhanced green fluorescent protein (EGFP), red
fluorescent protein (RFP) and enhanced red fluorescent protein (ERFP). 22.
The nethod of claim 17, wherein the phenotype of the fish is selected from
the groupl&ofbeé sdthwgl aff clajml B, syhefdini trectsamspenic Glonsd thediibh withdéfretitody
sizes, body tyransparent |evel rain oIo stripe colors, fin shapes,
fin o zes,  t aPPEIORESQF PRigey awedh pine ryliffergyl fainily, genbiparapecioSng any
observabl e phenotypic differences from those of fluorescent mate. 27 23.
The nmet hod of claim 22, wherein the phenotype of the fish is selected from

the groupl%oibe sethng offclaiml 1, svheteinijhestransgenic Fighignd therfisbawih diffesens) s,

grain colors Sﬂgnotype or pattern are different genus or species.

20. The method of claim 17, wherein the fluorescent gene is selected from the group
consisting of green fluorescent protein (GFP), modified green fluorescent
protein, enhanced green ﬂuo_rescent protein (EGFP), red fluorescent protein
(RFP), enhanced red fluorescent protein (ERFP), blue fluorescent protein (BFP),
enhanced blue fluorescent protein (EBFP), yellow fluorescent protein (YFP),
enhanced yellow fluorescent protein (EYFP), cyan fluorescent protein (CFP),
and enhanced cyan fluorescent protein (ECFP).

21. The method of claim 20, wherein the fluorescent gene is selected from the group
consisting of green fluorescent protein (GFP), modified green fluorescent
protein, enhanced green fluorescent protein (EGFP), red fluorescent protein
(RFP) and enhanced red fluorescent protein (ERFP).

22. The method of claim 17, wherein the phenotype of the fish is selected from the
group consisting of colors, fluorescent colors, body shapes, body sizes, body
transparent levels, grain colors, stripe colors, fin shapes, fin sizes,.tail shape, tail
sizes, eye color, eye shapes; and any observable phenotypic differences from

those of fluorescent mate.
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stripe colors. 24. The nmethod of claim 17, wherein the pattern of the fish
is selected fromthe group consisting of grain patterns, stripe patterns
and swi mm ng patterns. 25. The method of claim 17, wherein the fish is
selected fromthe group consisting of Gichlidae, Fighting fish, Catfish,

Char aci da r|n|deand Killifish, 2 The net hod, of aim 25 V\,hereln
the Cichl Eéa%? 85? r?éug’heremhp Qi&)‘%tﬁébﬂ%ﬁﬁiﬁ ﬁyl | um or

Synohysodon. i g ;ﬂ‘% is Betta
or Macr opoduség%% Tﬁﬂﬁ%epﬂﬂ%g ‘?Jdglsg%l%ﬁlé @?ﬂ'e}jlI %ld?ﬁ?@séra (‘;ﬂsﬁﬁd
Corydoras, Arstiistcols.or Pt erygoplicht hys. 29. The nethod of cl a| m 25,
wher ein the Characidae is Tetras or Carnegiellaor. 30. The nethod of claim
25, wherein the Cyprinidae is Cyprinus, Brachydanio(zebrafish), Danio or

Carassi us 243 ItheThehaB tdFadainf 17 ﬁhéfbl%%e REM 6F ﬁleeﬁdﬁl isl defecBll fromMBdaka?

~Rivulines or Livebearing Toothcarps. The et hod of claim 30, wherein
t he zebrafi sherpgp mswngzqumaﬂh@lsmt@nmpat@mwéswngmmg mtiewsr ost omus, D.
'~ aequi pi nnatus, D. mal abaricus, D. al bolineatus, D. annandalei , D. apogon,

D. apopyris, D. assanensis, D. choprae, D. chrysotaeni atus, D.

dangi | a, ' 5. dEheanéthod 6F clhiahyff, Wmtﬂaﬁsﬁﬁﬁﬁﬁic&itedﬁ@n tﬁdg&ﬁp consisBng@fbber, D.
i nterruptus, D. kakhienensis, | aoensi s, | ept os, D.

maet aengensi sCichidasalighting fiths CatﬁShn(ébﬁﬁféﬁl’\%% §)’P1E3“d?f‘e4flddﬁéliﬁﬁhen3| s, D.

ni grof asci atus, D. pathirana, D. regina, D. rerio, D. roseus, D. sal nonata,

D. shanensis D. spinosus, Brachydanio frankei and Br anchydani 0 sp. 28 33.

The met hod6ofTiel metho® df clahe 26) wherb'm thedhc&fhdhe: issPdenddtesbhbns Qithlasogapup

consi sting of Qryzias |avani I atipes, Oyzias nigrims, Oyzias

"l uzoriensi s, d@%"?@?’"ﬁ?‘b% iiy Z:d Or 9%nt anensi s, Oryzias mekongensis, —
Oryzias mnutillus, Ovyzias nelasti gma O curvinotus, O cel ebensis.

27. The method of claim 25, wherein the Fighting fish is Betta or Macropodus.

28. The method of claim 25, wherein the Catfish is Corydoras, Ancistrus or
Prerygoplichthys.

29. The method of claim 25, wherein the Characidae is Tetras or Carnegiellaor.

30. The method of claim 25, wherein the Cyprinidae 1is Cyprinus,

Brachydanio(zebrafish), Darnio or Carassius.

31. The method of claim 25, wherein the Killifish is Medaka? Rivulines or
Livebearing Toothcarps.

32. The method of claim 30, wherein the zebrafish is selected from the group
consisting of D. acrostomus, D. aequipinnatus, D. malabaricus, D. albolineatus,
D. annandalei , D. apogon, D. apopyris , D. assamensis, D. choprae, D.
chrysotaeniatus, D. dangila, D. devario, D. fangfangae, D. frankei , D. fraseri,
D. gibber, D. interruptus, D. kakhienensis, D. kyathit, D. laoensis, D. leptos, D.
maetaengensis, D. malabaricus, D. naganensis, D. neilgherriensis, D.
nigrofasciatus, D. pathirana, D. regina, D. rerio, D. roseus, D. salmonata, D.

shanensis D. spinosus, Brachydanio frankei and Branchydanio sp.
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Xenopeci | | us -oophorus, and Xenopecillus saraci norum 34. The nethod as set
forth in claim25, where€in the new transgenic progenies is TKI red x
Oxurvi notus, TKI. green x Oxurvinotus, TK2 red x Brachydanio frankei, TK2
red x Branchydani o sp, TK2 green x Brachydanio frankei, TK2 green x

Br anchydagio r r b Ehsh. . The orpapental . fish which is

pr epar ed g?:’cor iﬁ]geﬁ{gg %g}%ﬁlgﬁ g%%r gé ir%%g%% 1%|s§f5{;}]e§5ﬁ- i OR ?Suﬂ'!(l red x
Oxur vi not us, chifSistiiigeef Cryzik Yavamis| Orydike InksksX OBAGN yiianha, TOppkel , TK2
red x Branchydani o sp, TK2 green x Brachydani o frankei, TK2 green x

Br anchydani o &9nepsis Ppes diqolayhOryzéis matanensis, Oryzias mekongensis,

' Oryzias minutillus, Oryzias melastigma, O.curvinotus, O. celebensis.

Xenopecillus oophorus, and Xenopecillus saracinorum.

34. The method as set forth in claim 25, wherein the new transgenic progel;ies is
TK1 red x O.curvinotus, TK1 green x O.curvinotus, TK2 red x Brachydanio
Jrankei, TK2 red x Branchydanio sp, TK2 green x Brachydanio frankei, TK2
green x Branchydanio sp or Purple Zebra Fish.

35. The ornamental fish which is prepared according to Claim 17.
36. The fish of claim 35 which is TK1 red x O.curvinotus, TK1 green x

O.curvinotus, TK2 red x Brachydanio frankei, TK2 red x Branchydanio sp, TK2

green X Brachydanio frankei, TK2 green x Branchydanio sp or Purple Zebra
Fish.
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